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© Semiconductor device comprising a lead member. 



© A semiconductor device comprises a semicon- 
ductor substrate (20) of one conductivity type having 
low resistivity, which is used as a conductive mem- 
ber and is mounted on a lead member (9d) held at a 
common electric potential, a first epitaxial layer (21) 
of one conductivity type having high resistivity and 
provided on the semiconductor substrate (20), a 
second epitaxial layer (22) of an opposite conductiv- 
ity type provided on the first epitaxial layer (21), and 
at least one semiconductor layer (30) of one con- 
ductivity type having low resistivity, which reaches 
the semiconductor substrate (20) through both the 



second and first epitaxial layers (22, 21) so as to 
provide an electrical path to the lead member (9d) 
therethrough and is isolated from the second epitax- 
ial layer (22) through a PN junction. A circuit element 
such as transistors and resistors is provided in each 
island region provided by the second epitaxial layer 
(22), and ground electrodes or their interconnection 
layers (26g) of the circuit elements are electrically 
connected to the semiconductor susbtrate (20) 
through the semiconductor layer (30), which serves 
as a lead member, without using a bonding wire 
<8d). 
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The present invention relates to a semiconduc- 
tor device, and more particularly to a semiconduc- 
tor integrated circuit device wherein no bonding 
wire is used as a lead member for a ground 
terminal. 

A semiconductor device including circuit ele- 
ments provided in a semiconductor chip, i.e. a 
monolithic integrated circuit, generally has features 
such as small size, light weight, low power con- 
sumption, low cost, high reliability, and high den- 
sity, and is applied to electronic computers, TV 
receivers, radio receivers, cameras, automobiles, 
and the like. 

As an example of a conventional semiconduc- 
tor device having a ground terminal, a direct coup- 
led amplification semiconductor device in a mono- 
lithic integrated circuit will be described. Fig. 7 is a 
circuit diagram showing the direct coupled am- 
plification semiconductor device. This semiconduc- 
tor device comprises two transistors 1a and 1b, six 
resistors 2a to 2f, input terminal 3a, output terminal 
3b, bias terminal 3c, and ground terminal 3d. 

Fig. B illustrates a layout pattern of circuit ele- 
ments of the semiconductor device shown in Fig. 
7, which functions as a monolithic integrated cir- 
cuit. The integrated circuit includes two transistor 
regions 4a and 4b and six resistor regions 5a to 5f. 
These regions are isolated from one another by a 
PN junction, and transistor elements and resistor 
elements are connected to one another by alu- 
minum interconnection layers 6 (represented by 
oblique lines). Input terminal 3a, output terminal 3b, 
bias terminal 3c and ground terminal 3d are iden- 
tical to lead members 9a to 9d respectively, and 
protrude from the package. Lead members 9a to 
9d are connected to bonding pads 7a to 7d, pro- 
vided on the chip, by means of their corresponding 
bonding wires 8a to 8d. 

The following is an outline of the function of the 
integrated circuit described above. An input signal 
voltage applied between input and ground termi- 
nals 3a and 3d is amplified by transistors 1a and 
1b and supplied through output and ground termi- 
nals 3b and 3d to an external circuit (not shown). 
Input terminal 3a, first transistor 1a, second transis- 
tor 1b and output terminal 3b are connected 
through a conductive member to provide a so- 
called direct coupled two-stage amplification circuit. 
The first function of resistors 2a to 2f is to divide a 
DC voltage applied between bias and ground termi- 
nals 3c and 3d so as to apply a desired bias 
voltage to collectors, bases and emitters of transis- 
tors 1a and 1b, thereby determining an operating 
point of each transistor. Resistors 2d and 2f are 
also called negative feedback resistors and perform 
a stable and reliable amplifying operation. 

Fig. 9 is a cross-sectional view schematically 
showing the semiconductor device described 



above. The conventional semiconductor chip has 
an epitaxial layer 1 1 of one conductivity type (e.g., 
N-type) which is grown on a high resistivity semi- 
conductor substrate 10 of an opposite conductivity 

5 type (e.g., P-type). Bonding pads 7a to 7d are 
provided on a silicon oxide film 12 formed on the 
epitaxial layer 11. The monolithic integrated circuit 
chip so constructed is mounted on a lead member 
9d, and bonding pads 7a to 7d are connected to 

io lead members 9a to 9d through bonding wires 8a 
to8d. 

As described above, in the conventional semi- 
conductor device, since bonding pads 7a to 7d are 
connected to lead members 9a to 9d through 
75 bonding wires 8a to 8d, an inductance component 
caused by each bonding wire is added as a stray 
component. As illustrated in Fig. 10, an equivalent 
circuit in which the direct coupled amplification 
semiconductor device is monolithically integrated, 

20 includes inductance components 13a to 13d in 
addition to transistors and resistors. Among these 
stray inductance components the value of imped- 
ance caused by stray inductance component 13d 
connected to ground terminal 3d varies with signal 

25 frequencies. Since the stray inductance component 
is connected in series with the emitter resistor of 
transistor 1a or 1b through resistor 2d or 2f, the 
gain of transistors 1a and 1b is reduced. Particu- 
larly, the higher the signal frequency, the higher 

30 the impedance and the greater the effect of the 
stray inductance. 

As has been described, a bonding wire has 
been used in the conventional monolithic semicon- 
ductor device having a ground terminal as a lead 

35 member for ground. Generally, stray inductance 
results from the bonding wires. In particular, the 
bonding wire for ground is used as a common 
current path through which an input current, an 
output current and a bias current flow, and is 

40 directly connected in series with the emitter of 
each transistor. Therefore, even if the value of the 
stray inductance is low, the influence of the stray 
inductance on the characteristics of the device, 
such as a reduction in gain, is too great to neglect. 

45 The impedance of the stray inductance component 
becomes higher in accordance with an increase in 
frequency and significantly degrades the high fre- 
quency characteristics, as well as other characteris- 
tics of the device. 

so Accordingly, it is an object of the present in- 

vention to provide a semiconductor device wherein 
disadvantages described above are eliminated to 
improve high frequency characteristics. 

It is another object of the present invention to 

55 provide a semiconductor device for increasing the 
degree of freedom of layout pattern design of cir- 
cuit elements on a chip. 

A semiconductor device according to the 
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present Invention comprises (a) a semiconductor 
substrate of one conductivity type having low re- 
sistivity and used as a common electric potential 
terminal, (b) a first epitaxial layer of one conductiv- 
ity type having high resistivity and provided on the 
semiconductor substrate, (c) a second epitaxial lay- 
er of an opposite conductivity type provided on the 
first epitaxial layer, and (d) at least one semicon- 
ductor layer of one conductivity type having low 
resistivity, which is selectively formed from the 
surface of the second epitaxial layer, reaches the 
semiconductor substrate through the second and 
first epitaxial layers, and is isolated from the sec- 
ond epitaxial layer through a PN junction. 

Since the common potential terminal is mostly 
used as a ground potential, it is called a ground 
terminal or earth terminal, but its potential Is not 
always limited to the ground potential. The com- 
mon potential terminal is one of two terminals in an 
input terminal pair, an output terminal pair, or a 
bias power supply terminal pair (hereinafter re- 
ferred to as a ground terminal). The lead member 
for the ground terminal is a conductive member for 
electrically connecting to the ground terminal elec- 
trodes of circuit elements to become the ground 
potential. 

Since the semiconductor substrate of the 
above (a) serves as the ground terminal in addition 
to an inherent function as the substrate, its resistiv- 
ity is very low. The second epitaxial layer of the 
above (c) selectively includes element regions for 
providing active circuit elements such as transis- 
tors, and passive circuit elements such as resistors. 
The epitaxial layer of the above (b) is interposed 
between the second epitaxial layer and semicon- 
ductor substrate and thus has high resistivity so as 
to obtain a desired isolation withstand voltage due 
to a PN junction. The semiconductor layer of one 
conductivity type of the above (d) is a column- 
shaped lead member which reaches depthwise the 
semiconductor substrate through second and first 
epitaxial layers from electrodes or interconnection 
layers of circuit elements whose electric potential is 
kept at the ground potential and which are selec- 
tively provided on the second epitaxial layer. The 
lead member also serves as a current path through 
which at least one of an input signal current, an 
output signal current and a bias current flows, and 
is constituted by the semiconductor layer with low 
resistivity. However, it is desirable that the cross 
section of the current path is small, in a range 
satisfying a desired resistance value. In the semi- 
conductor device described above, since elec- 
trodes or interconnection layers of circuit elements 
provided on the chip, whose potential is to be kept 
at the ground potential, is electrically connected to 
the substrate, which also serves as the lead mem- 
ber, through the semiconductor layer with low re- 
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sistivity in place of the conventional bonding wire, 
unwanted stray inductance will be greatly reduced. 
Furthermore, since unwanted extension of intercon- 
nection layers for ground and a bonding pad for 

5 ground provided on the chip are reduced, the ele- 
ment forming regions can be enlarged. 

The novel and distinctive features of the inven- 
tion are set forth in the claims appended to the 
present application. The invention itself, however, 

10 together with further objects and advantages there- 
of may best be understood by reference to the 
following description and accompanying drawings 
in which: 

Figs. 1A and IB are cross-sectional views 
75 along the lines Xi - Xi and X2 - X2 of Fig. 2, 
showing a semiconductor device according to one 
embodiment of the present invention; 

Fig. 2 is a layout pattern of the semiconduc- 
tor device shown in Fig. 1 ; 
20 Fig. 3 is a circuit diagram showing an equiv- 

alent circuit of the semiconductor device shown in 
Fig. 1; 

Fig. 4 is a cross-sectional view showing a 
semiconductor device according to another em- 
26 bodiment of the present invention; 

Fig. 5 is a layout pattern of the semiconduc- 
tor device shown in Fig. 4; 

Fig. 6 is a circuit diagram showing an equiv- 
alent circuit of the semiconductor device shown in 
30 Fig. 4; 

Fig. 7 is a circuit diagram showing a conven- 
tional semiconductor device; 

Fig. 8 is a layout pattern of the conventional 
semiconductor device shown in Fig. 7; 

35 Fig. 9 is a cross-sectional view showing the 

semiconductor device shown in Fig. 8; and 

Fig. 10 is a circuit diagram showing an 
equivalent circuit of the semiconductor device 
shown in Fig. 8. 

40 One embodiment of the present invention will 

be described with reference to the accompanying 
drawings of Figs. 1 A to 3. A semiconductor device 
according to this embodiment is a direct coupled 
amplification semiconductor device. Since the 

45 same reference numerals in Figs. 1A to 3 and in 
Figs. 7 to 9 denote the same components, the 
description of the same components shown in Figs. 
7 to 9 will be omitted. 

Figs. 1A and 1B are cross-sectional views 

so along the lines Xi - Xi and X2 - X2 of the layout 
pattern shown In Fig. 2, respectively. As illustrated 
in Fig. 1A, low-resistivity semiconductor substrate 
20 of one conductivity type (P-type) having a thick- 
ness of 500 to 600 urn and an impurity concentra- 

55 tion of 1 x 10 20 atoms/cm 3 is prepared. High- 
resistivity P-type first epitaxial layer 21 having a 
thickness of 20 to 25 urn and an impurity con- 
centration of 4 x 10 1 * atoms/cm 3 is grown on P*- 

. 3 



5 



EP 0 395 862 A2 



6 



type substrate 20. Further, second epitaxial layer 
22 of an opposite conductivity type (N-type) having 
a thickness of 2 to 5 um and an impurity con- 
centration of 1 x 10 1S atoms/cm 3 is grown on the 
first epitaxial layer 21. Thereafter, P-type impurity 
such as boron (B) is selectively diffused from the 
surface of second epitaxial layer 22 by means of 
ion implantation or thermal diffusion techniques to 
form P*-type semiconductor layer 30 with low re- 
sistivity (impurity concentration 5 x 10 18 
atoms/cm 3 ) which extends to P*-type substrate 20 
through the second and first epitaxial layers. A 
region to diffuse the impurity from the surface of 
second epitaxial layer 22 is a desired selected 
region just under an interconnection layer for 
ground potential (including an electrode, hereinafter 
referred to as a ground electrode interconnection 
layer) in interconnection layers formed in the sub- 
sequent process. 

As shown in Fig. 1B, a transistor isolation re- 
gion 31 is also formed by such impurity diffusion 
process. Using well-known techniques, P-type base 
region 32, resistor region 5b and N-type emitter 
region 34 are formed in the second epitaxial layer 
to provide circuit elements such as transistors and 
resistors. Next, contact windows are formed in a 
silicon oxide film 12 on the second epitaxial layer 
to provide interconnection layers 26 including alu- 
minum electrodes. In this case, a ground electrode 
interconnection layer 26g is in contact with P*-type 
semiconductor layer 30. After the semiconductor 
substrate 20 is lapped to a thickness of 130 to 150 
um, it is attached by soldering or the like to a lead 
member 9d which serves as a ground terminal. 

Fig. 2 is a layout pattern of the semiconductor 
device according to the embodiment of the present 
invention. As in the prior art device, input terminal 
23a, output terminal 23b and bias terminal 23c are 
connected to bonding pads 7a to 7c through both 
lead members 9a to 9c and bonding wires 8a to 
8c, respectively. In this embodiment, electrodes to 
become ground potential in electrodes of circuit 
elements are electrodes provided at one side of 
each of resistor regions 5b, 5d and 5f, and these 
ground potential electrodes are connected to one 
another through ground electrode interconnection 
layer 26g. In a selected region formed just under 
the electrode interconnection layer 26g, P*-type 
semiconductor layer 30. which is in contact with 
the selected region and extends to the substrate 
20, has been provided. The substrate 20 is moun- 
ted on the lead member 9d including the ground 
terminal 23d. 

According to the structure described above, the 
ground electrode interconnection layer 26g on the 
chip can be electrically connected to the lead 
member 9d through both P*-type semiconductor 
layer 30 and the semiconductor substrate 20. 
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Therefore, it is unnecessary to connect the ground 
electrode interconnection layer 26g to the lead 
member 9d by using the bonding wire, thereby 
utilizing no bonding pad and bonding wire. 
5 Fig. 3 is a circuit diagram showing an equiv- 

alent circuit of the semiconductor device according 
to the embodiment of the present invention. In this 
embodiment, since no bonding wire for ground 
terminal is used, there is no stray inductance. The 

10 stray inductance of P*-type semiconductor layer 
30, which connects the ground electrode intercon- 
nection layer and the lead member to each other in 
place of the bonding wire, is so small as to be 
virtually insignificant. In the equivalent circuit, 

75 therefore, the stray inductance component is not 
added to the ground terminal side. 

When the semiconductor device described 
above is operated, a PN junction provided between 
P -type semiconductor layer 30 and second epi- 

20 taxial layer 22 is reverse-biased to isolate them to 
each other. P 4 -type semiconductor layer 30 serves 
as a common current path through which an input 
current, an output current and a bias current flow. 
However, a synthesized current of these currents is 

25 not affected by the stray inductance. 

For this reason, the semiconductor device ac- 
cording to the embodiment of the present invention 
is much more superior in gain-frequency character- 
istics as compared with the prior art devices and, 

30 in particular, the characteristic deterioration at high 
frequency regions of frequency bands in use is 
remarkably improved. 

Since the number of bonding wires is de- 
creased by one, there is a decrease in the occur- 

35 rence of defects caused by the bonding wire, 
thereby improving the reliability of the semiconduc- 
tor device. Further, since no bonding pad for the 
ground terminal is required, the element forming 
regions can be increased. 

40 In the embodiment described above, there is 

provided the semiconductor device in which the 
ground electrode interconnecting layer 26g formed 
on the substrate surface is electrically connected to 
the semiconductor substrate 20 through only one 

45 P -type semiconductor layer 30. However, the 
number of P*-type semiconductor layers is not 
limited to one. 

Another embodiment of the present invention 
will be described with reference to accompanying 

so drawings of Figs. 4 to 6. As illustrated in Fig. 4, 
ground electrode interconnection layers may be 
electrically connected to a semiconductor substrate 
through a plurality of P*-type semiconductor layers 
30a, 30b and 30c. In this case, a layout pattern and 

55 an equivalent circuit of such a semiconductor de- 
vice are shown in Figs. 5 and 6, respectively. In 
Figs. 4 to 6, reference numerals 26a, 26b and 26c 
denote ground electrode interconnection layers 

4 
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provided at one end of each of resistor regions 5b t 
5d and 5f (or resistors 2b, 2d and 2f), and all of 
such ground electrode interconnection layers are 
electrically connected to the semiconductor sub- 
strate 20 through P*-type semiconductor layers 
30a, 30b and 30c, respectively. In this embodi- 
ment, each P*-type semiconductor layer is located 
just under each ground electrode interconnection 
layer which includes an electrode to be kept at a 
ground potential and which is close to the elec- 
trode. Accordingly, it is possible to perform the 
electrical connection between electrode intercon- 
nection layers and the semiconductor substrate 20 
every circuit elements. Unlike the prior art device, it 
is unnecessary to extend ground electrode inter- 
connection layers on the semiconductor chip. The 
degree of freedom of layout pattern design can be 
greatly irjci aased and the element forming regions 
can be enlarged, thereby improving the integration 
density. 

In the embodiments described above, there 
have been provided semiconductor devices in 
which P-type is used as one conductivity type 
while N-type is used as opposite conductivity type. 
However, the conductivity types (P- and N-types) 
can be of course exchanged with each other. 

Further, the direct coupled amplification semi- 
conductor device has been described in the above 
embodiments as monolithic integrated circuits. 
However, the invention is not limited to such semi- 
conductor device. More specifically, the present 
invention can be applicable to monolithic semicon- 
ductor devices having at least two terminal pairs of 
an input terminal pair, an output terminal pair and a 
bias terminal pair, and using one of the paired 
terminals as a common potential terminal. 

It is further understood by those skilled in the 
art that the foregoing description is preferred em- 
bodiments of the disclosed devices and that var- 
ious changes and modifications may be made in 
the invention without departing from the spirit and 
scope thereof. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



Claims 

1. A semiconductor device characterized by 
comprising: 

a lead member (9d) held at a common electric 
potential; 

a semiconductor substrate (20) of one conductivity 
type having low resistivity, said semiconductor sub- 
strate (20) being used as a conductive member, 
said semiconductor substrate (20) being mounted 
on said lead member (9d); 

an epitaxial layer (22) of an opposite conductivity 
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type provided on said semiconductor substrate 
(20); and 

at least one semiconductor layer (30, 30a to 30c) of 
one conductivity type having low resistivity, said 

5 semiconductor layer (30, 30a to 30c) reaching said 
semiconductor substrate (20) through said epitaxial 
layer (22), said semiconductor layer (30, 30a to 
30c) being isolated from said epitaxial layer (22) 
through a PN junction, whereby said semiconduc- 

10 tor layer (30, 30a, to 30c) provides an electrical 
path to said lead member (9d) through said semi- 
conductor substrate (20). 

2. The semiconductor device according to 
claim 1, characterized in that said semiconductor 

75 layer (30, 30a to 30c) is a column-shaped lead 
member. 

3. A semiconductor device characterized by 
comprising: 

a lead member (9d) held at a common electric 

20 potential; 

a semiconductor substrate (20) of one conductivity 
type having low resistivity, said semiconductor sub- 
strate (20) being used as a conductive member, 
said semiconductor substrate (20) being mounted 

25 on said lead member (9d); 

an epitaxial layer (22) of an opposite conductivity 
type provided on said semiconductor substrate 
(20); 

a plurality of isolation regions (31) of one con- 
30 ductivity type provided in said epitaxial layer (22), 
said isolation regions (31) reaching said semicon- 
ductor substrate (20) through said epitaxial layer 
(22); 

a plurality of island regions of an opposite con- 
35 ductivity type isolated by said isolation regions 
(31). said island regions being provided by said 
epitaxial layer (22); 

a circuit element (1a, 1b, 2a to 2f) provided in each 
of said island regions; and 

40 at least one semiconductor layer (30, 30a to 30c) of 
one conductivity type having low resistivity, said 
semiconductor layer (30, 30a to 30c) reaching said 
semiconductor substrate (20) through said epitaxial 
layer (22), said semiconductor layer (30, 30a to 

45 30c) being isolated from said epitaxial layer (22) 
through a PN junction, whereby said semiconduc- 
tor layer (30, 30a to 30c) provides an electrical 
path to said lead member (9d) through said semi- 
conductor substrate (20). 

so 4. The semiconductor device according to 

claim 3, characterized in that said semiconductor 
layer (30. 30a to 30c) is a column-shaped lead 
member. 

5. The semiconductor device according to 
.55 claim 3, characterized in that selected electrodes 
(26, 26g, 26a to 26c) of said circuit elements (2b, 
2d, 2f) are electrically connected to said semicon- 
ductor substrate (20) through said semiconductor 

5 



g 



EP 0 395 862 A2 



layer (30, 30a to 30c), without using a bonding wire 
(8d), thereby keeping said electrodes (26, 26g, 26a 
to 26c) at a common electric potential. 
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© A semiconductor device comprises a semicon- 
ductor substrate (20) of one conductivity type having 
low resistivity, which is used as a conductive mem- 
ber and is mounted on a lead member (9d) held at a 
common electric potential, a first epitaxial layer (21) 
of one conduc tivity type having high resistivity and 
provided on the semiconductor substrate (20), a 
second epitaxial layer (22) of an opposite conductiv- 
ity type provided on the first epitaxial layer (21), and 
at least one semiconduc tor layer (30) of one con- 
ductivity type having low resistivity, which reaches 
the semiconductor substrate (20) through both the 
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second and first epitaxial layers (22, 21) so as to 
provide an electrical path to the lead member (9d) 
therethrough and is isolated from the second epitax- 
ial layer (22) through a PN junction. A circuit element 
such as transistors and resistors is provided in each 
island region provided by the second epitaxial layer 
(22), and ground electrodes or their interconnection 
layers (26g) of the circuit elements are electrically 
connected to the semiconductor susbtrate (20) 
through the semiconductor layer (30), which serves 
as a lead member, without using a bonding wire 
<8d). 
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